The World Health Organization (WHO) has declared gastric carcinoma a global health concern and gastric cancer remains the third leading cause of cancer deaths worldwide. With the rising incidence of gastric cancer, a body of both retrospective and randomized data has emerged since the early 1990's evaluating the role of minimally invasive platforms in the management of gastric cancer. While Eastern studies have shown that the laparoscopic approach is safe and feasible for advanced gastric cancer in Eastern patients, it is not clear whether this is true for patients in the West. Differences in tumor biology, stage at presentation, institutional volume, and surgeon experience all may impact the efficacy and widespread utilization of minimally invasive approaches in regions where gastric cancer is less prevalent. The majority of studies have pointed to a number of improvements associated with minimally invasive approaches including decreased blood loss, shorter length of hospital stay, lower analgesic requirements, decreased minor complications, and faster recovery without any significant difference in overall or disease specific survival (DSS). The benefits associated with minimally invasive approaches and evidence supporting similar oncologic outcomes compared to the traditional open approach will hopefully expand the indications for minimally invasive surgery in the management of gastric cancer. In the United States, results following initial experiences with minimally invasive techniques, including robotic platforms, have revealed promising results.
Introduction
Worldwide there are nearly 1 million new cases of gastric cancer each year and it remains the third leading cause of cancer related deaths worldwide (1) . There is wide geographical variation in the incidence of gastric cancer with the highest incidence seen in Eastern Asia, Eastern Europe, and some Latin American countries. In Western countries, like the United States, the incidence of gastric cancer is lower with approximately 21,000 new cases diagnosed each year (2) . Many studies have been done in both the East and West with regards to the use of minimally invasive techniques for gastrectomy for gastric cancer. It is important to keep in mind, however, that there are differences in the presentation of disease between the East and West which may limit the generalizability of Eastern results to Western patients.
Tumors located in the proximal third of the stomach are more common in Western countries and patients typically present with more advanced stage disease often due to lack of government supported screening programs (3) (4) (5) (6) (7) (8) . The incidence of proximal gastric cancer is on the rise in the United States, most likely related to the obesity epidemic in the United States and prevalence of gastroesophageal reflux disease (9, 10) . While the incidence of non-cardia gastric cancer has been declining in almost all race and age groups, the incidence of distal gastric cancer has been going up in younger Caucasian patients in the 25 to 39 years old age group (11) . Presentation with earlier stage disease is a wellestablished observation in the East, likely due to higher incidence of disease and more robust screening protocols. The incidence of earlier stage presentation of gastric cancer is, however, increasing in the United States. Our high volume institution in the United States has observed nearly a doubling in the presentation of early stage disease, from 20% to 40%, since 1985 (12) . This increase in early stage presentation has given way to the more widespread application and utilization of minimally invasive techniques to treat gastric cancer, as surgery remains the only curative option for early gastric cancer. There are multiple retrospective and prospective studies as well as meta-analyses from both the East and the West which have shown oncologic equivalency between minimally invasive and open gastrectomy (OG) for gastric cancer (13) . Many of these studies have suggested improvements in areas such as estimated blood loss, length of hospital stay, return of bowel function, analgesic requirements, recovery time, and quality of life in patients who undergo minimally invasive gastrectomy compared to OG. Perhaps the most important observation in the United States is more rapid postoperative recovery seen after minimally invasive gastrectomy which has allowed patients to go on to receive indicated adjuvant systemic chemotherapy rather than being limited by the morbidities associated with open surgery (14) . Despite a fairly robust body of data supporting minimally invasive techniques as an excellent option for appropriately selected patients, factors such as learning curves associated with advanced minimally invasive techniques and patient selection particularly at the beginning stages of surgeon experience are still extremely important considerations when selecting surgical approach. Since the disease is still rarely seen in the United States outside of high-volume centers, the widespread acceptance of minimally invasive approaches for gastric cancer has been limited by the learning curve associated with both laparoscopic and robotic gastrectomy and the technical skills required to achieve acceptable oncologic outcomes including extent of gastric resection and lymphadenectomy.
Laparoscopic gastrectomy (LAG)

Early gastric cancer
The use of laparoscopic-assisted distal gastrectomy for early gastric cancer was first described by Kitano et al. in 1994 (15) . This technique became the focus for many retrospective studies out of the East in the early 2000's which supported the oncologic adequacy and feasibility of the laparoscopic approach. These studies showed promise for laparoscopy in the management of early gastric cancer, particularly in terms of decreasing length of hospital stay, analgesic use, and estimated blood loss (16) (17) (18) (19) (20) . Following this series of retrospective studies, a number of randomized control trials (RCTs) were performed to prospectively compare OG to LAG. In 2002, Kitano et al. published the first RCT for laparoscopic distal gastrectomy (LADG). This study included 28 patients with early gastric cancer who were randomized to either open distal gastrectomy (ODG) or LADG. This trial found that that the LADG group had less estimated blood loss, earlier return of bowel function, and improved pain scores (21) . Subsequent RCTs showed similar trends to both the retrospective observations and the results from the Kitano et al. RCT with regards to blood loss, pain medication requirements, and length of hospital stay (22) (23) (24) .
Other important measures highlighted by these studies were volume of lymph nodes retrieved, overall survival (OS), disease free survival, and quality of life. An RCT published by Lee et al. in 2005 showed an increased number of lymph nodes retrieved with ODG compared to LADG (38.1 vs. 31.8) but both techniques retrieved an adequate number of lymph nodes for accurate staging (22) . The only RCT from the West was published by Huscher et al. in 2005 and this study showed no statistically significant difference in the 5-year OS (59% vs. 56%) or disease-free survival (57% vs. 55%) between the two groups, supporting the oncologic equivalency between the two techniques (23 (24) .
The first multicenter RCT was carried out by the Korean Laparoscopic Gastrointestinal Group (KLASS). This was a phase III, multicenter, prospective RCT to evaluate short and long term outcomes in patients with early gastric cancer who underwent either LADG or ODG. Published analysis of preliminary outcomes in 2010 showed lower estimated blood loss in LADG group. There was no statistically significant difference in the postoperative complication rate or mortality between the two groups (25) . The short-term outcome analysis was later published in 2016 which revealed that LADG was associated with decreased estimated blood loss (190 vs. 156 mL, P<0.001), shorter length of hospital stay (7.1 vs. 7.9 days, P<0.001), and that ODG was associated with higher lymph node retrieval (43.7 vs. 40.5, P=0.001). More clinically significant, however, was the finding of a lower overall complication rate associated with LADG compared to ODG (13% vs. 19.9%, P=0.001). The mortality rate was similar between the two groups and was not found to be statistically significant (26) .
In the United States, Reyes et al. were the first group to publish their experience with LAG for gastric cancer. This was a retrospective case matched series of 36 patients, 18 of whom underwent LAG and 18 of whom underwent OG. Cases were matched for age and surgical indication. This study showed that LAG was associated with lower estimated blood loss, two days shorter length of hospital stay, earlier return of bowel function, and decreased incidence of postoperative ileus. There were no differences in the extent of lymphadenectomy between the two groups or in the incidence of intraoperative complications. The study did find a significantly longer operative time associated with the laparoscopic group compared to the open group (4.2 vs. 3.0 hours), likely due to the known learning curve associated with minimally invasive techniques (27) .
Advanced gastric cancer
The first laparoscopic total gastrectomy for cancer was reported in 1999 by Azagra et al. (28) . The use of LAG for advanced gastric cancer has since been evaluated by multiple large retrospective studies, largely from Eastern countries. Initial concerns regarding laparoscopic total gastrectomy revolved around status of the proximal resection margin, technical limitations in restoring gastrointestinal continuity with the esophagojejunal anastomosis, and ability to achieve adequate lymphadenectomy using laparoscopic techniques for advanced gastric cancer. Shinohara et al. reported on 336 patients who underwent OG vs. LAG for clinical stage T2-T4 gastric cancer. The LAG group had less estimated blood loss and shorter hospital stay, findings similar to previous studies comparing LADG and ODG. There was no statistically significant difference observed in mortality, complication rate, or 5-year disease free survival between the two groups (29). Park et al. showed similar outcomes associated with LADG for advanced gastric cancer (30 patients who underwent ODG. The two groups did not differ in regards to demographics or stage. Approximately half of the patients in this study were either stage Ia or Ib (55%). LADG was associated with a decreased length of stay and decreased complications, both early (26% vs. 43%, P=0.07) and late (0% vs. 20%, P=0.03). Oncologic outcomes were comparable between the two approaches in terms of margin status and lymph node retrieval. Median operative time for the laparoscopic approach was 270 minutes compared to 126 minutes in the open group (P<0.01) (32) . The second series reported on the experience of City of Hope. In this study 78 consecutive patients were evaluated. There were 48 patients in the OG group and 30 patients in the minimally invasive group. LAG was associated with decreased estimated blood loss and decreased length of hospital stay, consistent with findings of previous studies. This study also showed increased operative time associated with the minimally invasive approach compared to open (399 vs. 298 minutes, P<0.0001). Important to this series was the observation that all laparoscopic resections had negative resection margins and adequate number of lymph nodes retrieved for accurate staging. There was no statistically significant difference in the number of lymph nodes retrieved between the two approaches, likely owning to surgeon experience at this high volume center (33) . Included in this study were 6 RCTs and 32 high quality non-RCTs, which amounted to the evaluation of 3,055 patients in total. Of the 3,055 patients included, 1,658 underwent LADG and 1,397 underwent ODG. LADG was associated with lower overall complications (OR 0.59; P<0.001), medical complications (OR 0.49; P=0.002), and decreased length of hospital stay. There was no significant difference in the postoperative mortality or major surgical complications (13) . A more recent study by Kelly et al. in 2015 reported on 87 patients undergoing LAG and 87 patients undergoing OG. Almost 40% of the patients in this study had locally advanced disease and approximately 20% of patients had proximally located tumors. This study revealed that LAG was associated with lower estimated blood loss, decreased duration of narcotic and epidural use, and decreased incidence of minor complications in the early postoperative period (27% vs. 16%; P<0.01) and late postoperative period (17% vs. 7%; P<0.01). Extremely relevant and important to this finding of decreased morbidity was the observation that patients who underwent LAG had a higher likelihood of going on to receive adjuvant systemic chemotherapy when indicated (14) . Receipt of adjuvant chemotherapy is extremely important in patients with advanced gastric cancer in the West, as patients typically present with more advanced stage disease. The multidisciplinary management of locally advanced gastric cancer in the United States has largely been governed by the findings of both the MacDonald trial in 2001 (34) and MAGIC trial in 2006 (35) , with these patients receiving either neoadjuvant or adjuvant chemotherapy. The importance of the finding of increased receipt of indicated adjuvant chemotherapy following LAG in the study by Kelly et al. is that previous studies had shown that not all patients eligible for adjuvant therapy actually go on to receive this therapy due to prolonged recovery from their operation.
Robotic surgery for gastric cancer
The first published use of robotic gastrectomy for cancer was by Hashizume et al. in 2003 (36) . Anderson et al. published the first series of robotic assisted laparoscopic subtotal gastrectomies with extended lymphadenectomy from the United States in 2007. While this series was small (7 patients), the study demonstrated acceptable lymph node retrieval (24), 0% 30-day mortality, and no evidence of disease recurrence at the time of publication. Median length of stay (4 days) was consistent with other published case control studies from the United States evaluating laparoscopic versus OG (37) . In 2009, Song et al published their experience with their first 100 consecutive robotic gastrectomies with lymphadenectomy at a center in Korea. The goal of the study was to evaluate effectiveness, safety, and technical feasibility of the robotic approach. The series included 33 total gastrectomies and 67 subtotal gastrectomies. The study showed a postoperative morbidity rate of 13%, postoperative mortality rate of 1%, average length of hospital stay of 7.8 days, and mean number of lymph nodes retrieved of 36.7. All surgical margins were microscopically negative. Overall, this study demonstrated the feasibility and safety of robotic gastrectomy in the management of gastric cancer (38) .
In 2014, a meta-analysis was published comparing robotic gastrectomy (RAG) vs. LAG for gastric cancer. This study evaluated 1,875 patients who underwent either robotic gastrectomy or LAG. This analysis showed that RAG was associated with lower estimated blood loss, longer distal margin, and similar volume of harvested lymph nodes (39) . In 2015, Coratti et al. published a series of 98 consecutive robotic gastrectomies with D2 lymphadenectomy performed exclusively by two surgeons at a center in Italy. This study looked at perioperative, postoperative, and longterm outcomes. The series included 38 total gastrectomies, 59 distal gastrectomies, and one proximal gastrectomy. Pathologic staging revealed early disease in 46.9% of the patients. Average follow-up time for all patients was 46.9 months. Perioperative measures of importance revealed an average estimated blood loss of 105.4 mL and an intraoperative complication rate of 2.04%. In terms of postoperative outcomes, the average length of hospital stay was 7 days, postoperatively morbidity was 12.2%, and postoperative mortality was 4.1%. Analysis of long-term follow-up data revealed a 5-year OS rate of 73.3%. Five-year DSS was subdivided by stage with a 100% 5-year DSS for stage IA patients, 84.6% for stage IB patients, 76.9% for stage II patients, 21.5% for stage III patients, and 0% for stage IV patients (of which there was only a single patient). Overall this study showed promising long-term outcomes after robotic gastrectomy compared to historic evidence from both open and laparoscopic series (40) .
Another presumed advantage of robotic gastrectomy is that the learning curve for robotic gastric surgery may be easier to learn compared to laparoscopic gastric surgery (41) . The published number of cases representing the learning curve for laparoscopic gastric surgery is anywhere from 40 to 100 cases (42) (43) (44) (45) . It is thought that robotic gastric surgery may have an easier learning curve due to the benefits of three-dimensional imaging, articulating instruments for more precise dissection, and functional imaging. Since gastric cancer is relatively rare in Western countries, the widespread use of robotic platforms for gastric cancer is likely limited by the relatively lower number of gastric cancer cases in most institutions. The hope is that the experience with the robotic platform at high volume centers in the United States will facilitate better understanding of the necessary learning curve for proficiency with robotic gastric surgery and will allow for adequately powered retrospective and prospective studies to better evaluate the oncologic adequacy, perioperative benefits, and postoperative outcomes.
Conclusions
Minimally invasive gastrectomy has emerged as a safe, feasible, and oncologically acceptable approach for appropriately selected patients with gastric cancer. Benefits associated with minimally invasive techniques for gastrectomy include lower estimated blood loss, shorter length of hospital stay, comparable or fewer perioperative complications, and quicker postoperative recovery for patients. Many of the supporting studies for minimally invasive gastrectomy have come out of the East and the applicability of these findings to patients in the West has been questioned due to the increased incidence of gastric cancer, earlier stage of presentation, and higher case volumes in the East as well as the known heterogeneity of disease between the two regions. Despite these differences, published studies from the United States (summarized in Table 1 ) have shown similar outcomes to Eastern studies and results have been very promising thus far. Perhaps the most significant finding from recent Western studies is the more rapid postoperative recovery following LAG. Quicker recovery after surgery was noted to be associated with an improvement in the receipt of indicated adjuvant systemic chemotherapy in patients with advanced gastric cancer. The widespread acceptance and utilization of minimally invasive techniques in the West will likely continue to be limited by the decreased incidence of gastric cancer and, outside of a few high volume centers, low volume of gastrectomy cases for surgeons in the West. The hope, however, is that the indications for minimally invasive gastrectomy will continue to expand with an enlarging body of data from future studies. With the emergence of robotic assisted procedures as another minimally invasive technique suitable for the management of gastric cancer, the hope is that future studies and the experiences of high volume centers will provide more information regarding the learning curve of robotic gastrectomy as well as the oncologic equivalency, safety, and perioperative and postoperative outcomes following this technique.
